OBJECTIVE: To describe some biological, behavioural and psychological correlates of the Three-Factor Eating Questionnaire, and to determine the relationship between dietary restraint, binge eating, and leptin among obese women seeking treatment. DESIGN: Consecutive series of obese women enrolled in a clinical program for weight reduction treatment. SUBJECTS: Forty-two obese women. Eight participants met the criteria for`severe binge eating' as measured by the Binge Eating Scale. MEASUREMENTS: Energy intake, resting energy expenditure, body composition, leptin, restraint, disinhibition, hunger and binge eating were assessed before starting the treatment. RESULTS: In this sample both higher disinhibition and hunger scores were associated with greater binge eating severity. Obese women with severe binge eating had lower restraint, higher disinhibition and hunger scores, as well as higher daily fat intake, when compared with obese non-binge-eaters. Interestingly, restraint scores were negatively associated with leptin levels among subjects with severe binge eating. CONCLUSION: In obese women with severe binge eating, the negative relationship between dietary restraint and serum leptin concentrations seems mediated by a greater fat intake. These ®ndings need to be veri®ed in further human studies.
Introduction
The Three-Factor Eating Questionnaire (TFEQ) is one of the principal psychometric instruments for the assessment of three constructs Ð cognitive restraint, disinhibition, and hunger Ð relevant to the study of human eating behaviour. 1 Restraint describes the tendency to control consciously food intake in order to prevent weight gain or to achieve weight loss. Disinhibition refers to the breakdown of this cognitive control. Hunger describes the susceptibility to feelings of food lack and its behavioural consequences. Despite the fact that TFEQ was originally designed to be applied to obese dieters, 1 it has been used mainly among persons of average weight. 2, 3 These studies are of interest but more useful information comes from clinical studies in which TFEQ is applied to obese persons seeking weight loss treatment. However, only a few studies exist which have speci®cally assessed the relationship between the three TFEQ constructs and variables such as energy intake (EI), resting energy expenditure (REE), body weight and its composition, or binge eating among obese persons seeking weight loss treatment. Data collected up to now have indicated that: a) higher energy intakes are associated with lower restraint scores, higher disinhibition scores and higher hunger scores; 1 b) higher restraint scores are associated with lower body weights, 5 c) both higher disinhibition and hunger scores are associated with greater binge eating severity, 5 ± 8 and d) restraint is not related to REE. 5 The restraint and disinhibition concepts have their origins in laboratory experiments showing that individuals with continual weight concern (restrainers) tend to overeat when critical events or disinhibitors disrupt their self-control. This phenomenon has been termed`counterregulation', and is considered an experimental analogue of binge eating. 10 A close relationship seems to exist among restrained eating, binge eating, weight cycling and weight gain. 11 ± 14 In fact, between one quarter and half of obese persons binge eat, 15, 16 and obese binge-eaters usually show lower levels of restrained eating than obese persons who are not binge-eaters. 8, 17, 18 Restrained eating has also been shown to be a stronger predictor of weight¯uctuations than body weight itself. 19 Repeated or chronic dieting may predispose individuals to disordered eating, including binge eating. 20 Obese binge-eaters are more likely than non-binge-eaters to have a history of weight cycling. 21 The adipocyte hormone leptin is an important component of the physiological system for regulation of body weight and energy balance. 22 Serum leptin levels correlate to body mass index (BMI; kgam 2 ) and percent body fat. 23 ± 27 Both overeating and fasting lead to a rapid modi®cation (increase and decrease, respectively) of serum leptin levels that precedes weight alteration. 28 ± 30 Recently, it has been proposed that leptin may represent a potential molecular link between restraint, eating disorders and obesity. 31 In fact, only one study exists in which an independent negative association between serum leptin concentrations and cognitive restraint scores has been shown in underweight women. 32 The authors speculated that in underweight restrained eaters leptin levels were low presumably because of the cognitive control on the energy intake to avoid weight gain. In the same study the authors failed to observe a similar relationship among overweight subjects. 32 The aim of the present study was two-fold. First, to provide further normative data about TFEQ administered to obese persons seeking treatment, describing the relationship between the three TFEQ factors and variables such as BMI, fat mass (FM), REE, EI, as well as binge eating. Second, to determine the relationship between restraint, binge eating and leptin.
Methods

Participants
Participants in the study (n 42) were a consecutive series of obese women evaluated before the beginning of a residential weight-reduction programme at the INRCA of Rome, a public research center for the study of obesity. Subjects had an average age of 47.4 AE 10.7 y, weight of 86.9 AE 11.1 kg, height of 157.8 AE 9.1 cm, and BMI of 34.47 AE 3.08 kgam 2 . None of the subjects was currently dieting or had markedly lost weight during the three months preceding the start of the study. Exclusion criteria for enrolment in the study included: Type 1 diabetes; cancer; anaemia; any cardiac abnormalities; any past and present cerebrovascular, kidney, liver or thyroid disease; any signi®cant psychiatric illness; smoking and use of medications known to affect weight or energy expenditure.
After a complete explanation of the study to the subjects, written informed consent was obtained.
Dependent measures
Subjects were assessed by the following measurements: weight and height; EI measured by a 7-day food diary; REE measured by indirect calorimetry (VMAX29N, SensorMedix, Yorba Linda, CA); body composition measured by densitometry, 33 serum leptin levels determined by RIA using a human leptin RIA kit (Linco Research, St Charles, MO); restraint, disinhibition and hunger assessed by TFEQ; 1 and binge eating assessed by the Binge Eating Scale (BES). 34 The Food diary was completed during the week preceding the start of the residential stage, whereas the other measures were completed during the ®rst week of the residential stage.
Statistical analyses
Pearson correlations were used to assess the linear relationship of restraint, disinhibition and hunger to the study's other variables.
Furthermore, participants were classi®ed based on the severity of binge eating, according to the classi®cation proposed by Marcus et al. 6 Thus, subjects (n 23) with a scorè 17 were assigned to the group`absence of binge eating'; subjects (n 11) with a score ! 17 and`27 were assigned to the group`moderate binge eating'; while, subjects (n 8) with a score ! 27 were assigned to the group`severe binge eating'. ANOVAs were used to assess differences among the three groups in each study variable. Thereafter, Pearson's correlation was used to assess the linear relationship between restraint scores and leptin levels in the group of persons with severe binge eating.
A level of P`0.05 was accepted as statistically signi®cant.
Results
Baseline characteristics of participants in the study are shown in Correlation analysis showed that: 1) an inverse but not signi®cant relationship was evident between restraint scores and both disinhibition (r 70.26, P 0.10) and hunger (r 0.19, P 0.24) scores; 2) disinhibition scores were signi®cantly related to both hunger (r 0.61, P`0.0001) and BES (r 0.66, P`0.0001) scores; 3) hunger scores were signi®cantly related to BES (r 0.59, P`0.0001) scores; 4) no signi®cant relationship was evident among restraint, disinhibition, or hunger scores and age, body weight, BMI, FM, EI or REE, respectively. Moreover, as shown in Table 2 leptin levels were signi®cant related to both BMI (r 0.41, P 0.006) and FM (r 0.47, P 0.002) but neither to As shown in Table 3 , a signi®cant difference was evident in restraint (F 2,39 3.83, P 0.03), disinhibition (F 2,39 8.26, P 0.001) and hunger (F 2,39 8.82, P 0.0007) scores, as well as in daily fat intake (F 2,39 3.51, P 0.04) of the three groups of participants classi®ed based on the severity of binge eating. In particular, severe binge-eaters showed lower restraint, as well as higher disinhibition, hunger and fat intake, compared to both moderate and non-binge-eaters. No other signi®cant differences among the groups were found. However, it should be noted that the difference in serum leptin levels among the groups just approached statistical signi®cance F 2,39 2,94, P 0.06.
Finally, a signi®cant relationship between restraint scores and leptin levels did not emerge in the whole sample (r 70.19, P 0.23), but when values obtained from the group of persons with severe binge eating were processed separately, a strong negative relationship resulted (r 70.71, P 0.05).
Discussion
This study provides further information about the relationship among the three TFEQ factors and many different biological, behavioral and psychological variables assessed in a sample of obese women seeking treatment. In particular, results indicated that a) both disinhibition and hunger scores were associated with binge eating severity; b) obese women with severe binge eating had signi®cantly lower restraint scores, higher disinhibition and hunger scores, as well as higher daily fat intake, compared to obese women without binge eating; c) among severe binge-eaters restraint scores were negatively and signi®cantly associated with leptin levels.
Restraint scores were weakly, even though not signi®-cantly, related to disinhibition and hunger scores, while a strong relationship was found between disinhibition and hunger scores. These data are similar to those reported in other studies of obese persons seeking treatment. 4, 5, 8 Also the signi®cant positive correlation found between both disinhibition and hunger scores, and binge eating severity, corroborates results obtained by others in earlier studies, 5 ± 8 and con®rms the utility of the disinhibition factor in clinical samples. In contrast, we failed to observe a signi®cant relationship between the three TFEQ factors and energy intake. This result is not consistent with data reported by Lindros et al who found a positive association between energy intake and both disinhibition and hunger, as well as a negative association with restraint. 4 Moreover, 5 we did not observe a signi®cant negative relationship between restraint score and body weight.
In this study, women with severe binge eating showed signi®cantly lower dietary restraint, and signi®cantly higher disinhibition and hunger scores, compared to obese women without binge eating. These ®ndings are consistent with data previously reported by numerous researchers. 6, 8, 17, 18 Moreover, severe binge-eaters did not show signi®cant differences either in fat mass, REE, or global energy intake, but had signi®cantly greater fat intake, compared to subjects with moderate binge eating or without binge eating (see Table 3 ). Increased fat ingestion among severe binge-eaters has also been reported by Yanovski et al in a previous paper. 35 In the present study the correlation between cognitive restraint scores and serum leptin levels was not signi®cant. This result con®rms data reported by Von Prittwitz et al 32 who did not ®nd any signi®cant relationship between restraint and leptin in overweight individuals, whereas they found a signi®cant negative relationship in underweight subjects. These authors speculated that in obese people the effect of restrained eating on leptin levels might be obscurated by other regulatory mechanisms. Furthermore, obese individuals with high restraint scores might not be as successful in restricting their food intake as their underweight counterparts. 32 Likewise, the correlation between BES scores and leptin levels was not signi®cant. However, severe binge-eaters showed higher leptin levels compared to non-binge-eaters, although the difference did not reach statistical signi®cance. Interestingly, a signi®cant and negative relationship between dietary restraint and leptin levels emerged among severe binge-eaters.
It is getting clearer and clearer that leptin has a dual role in human physiology. In fact, under conditions of steadystate energy balance, leptin represents a static index of the amount of triglycerides stored in adipose tissue, whereas under conditions of non-steady-state energy balance, leptin represents a sensor of energy changes. 36 Since, in normal weight subjects leptin expression has been reported to be in¯uenced by dietary fat, 37 and in animals 38 it has been shown that prolonged infusion of lipid or glucose stimulates the synthesis of leptin, 38 we hypothesize that, in the present study, the negative relationship between dietary restraint and leptin levels among severe binge-eaters was mediated by a greater fat intake, which seems to support the suggestion that leptin concentrations, regardless of body weight changes, may be in¯uenced by a nutrient sensing mechanism. 39 Before coming to a conclusion, it should be noted that some drawbacks of the study limit the generalization of the results. In particular, the study sample was limited to women, the psychological measures were based on selfreport, and the sample size of persons with severe binge eating was relatively small. Nevertheless, the ®nding should provide useful insights for the design of more extensive studies to further evaluate the relationship between restraint, binge eating and leptin.
Conclusion
The negative correlation between dietary restraint and leptin observed in obese women with severe binge eating might be mediated by a greater fat intake. Further studies are necessary to verify the present ®nding, and to better understand the role of leptin in the regulation of aspects of eating behavior such as dietary restraint.
